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REPORT BRIEF 
GENERAL ELECTRIC COMPANY 
6.0 AMPERE-HOUR NICKEL -CADMIUM SPACECRAFT CELLS 
WITH AUXILIARY ELECTRODES 
FOR THE 

ATMOSPHERIC EXPLORER SATELLITE C&D 


Ref: 


(a) NASA P.O. S-23404-G 

(b) Initial Evaluation Test Procedure for Nickel-Cadmium 
Sealed Space Cells: NAD 3053-TP324, 10 Apr 73 


I. TEST ASSIGNMENT BRIEF 

all ce 1 1 s h mjt U -Tn tn % h 1 eva ] uation test program is to Insure that 

P S* *?J° t he ! ife cycle program are of high quality by the 

iSTca^itv 'or^him* 0 h / Ve ele ^ rolyte leakage, internal shorts, 
iow capacity, or Inability of any cell to recover its open-circuit 

voltage above 1.150 volts during the internal short te?t 

snJKJJV? Ce ? ls were P rovided ^ the National Aeronautics and 

eJalL^n^^Hfl 0 ?^^^? + pace E 11 ? 4 Center ’ to NAD Crane for 
r on n f 6 test. Thirteen of the cells were purchased bv rpa 

F?r P ?H? ti ^ n * under c ? ntract number G6F01 5-0204-00- F2 3? Som Genera 1^ 
Gai nes vi 7 le , Florida. Six of these cells were iden- 
tic? number 19722 U 94 G 2 ^Thp.p 4 ’ 1 ! ?" d S - ew ? n auxil1ary electrode cells 
thJ ,^ii k J 9722 . 4 I?* J hese cells are f rom the same lot of cells 
that will be flown in the Atmospheric Explorer Spacecrafts C and n 

r>n*-I emain l n9 three cel1s were P ur chased by NASA, Goddard Space Fliaht 

General NA ^-18495, and were by 

General Electric catalog number 42B006AB37-64. These cells are rated 

at 6.0 ampere-hours, contain double ceramic seals, and were received 
with pressure gauge assentlies. The auxiliary electrode i^ Ttpfinn 

eSg » "1^2! r* l0Ca f £d al »"S on. sfdelf’lhe 
mm k cel X T!? e auxilia ry resistor used throughout the test 
2000 ohms. Testing was funded in accordance with reference (a). 

A requl rement does not constitute a limit for discJntinuanle ?™m {esi. 
II. SUMMARY OF RESULTS 


base of its 'fllftShi* ^h- 1 ak ?i 1 th ne 9 atlve termini 
Dase or its fill tube. This cell did not underao tpst 

to the Goddard Space Flight Center 9 teSt ' 


and at the 
was returned 
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B. The capacity of the cells ranged from 6.6 to 7.6 ampere- hours 
during the three capacity tests. 

C. No voltage requirements or limits were exceeded during any 
portion of the test. 

D. All cells recovered to a voltage in excess of 1.193 volts 
during the 24-hour open-circuit portion of the internal short test. 

E. Two cells, S/N's 065 and 069, delivered 54 percent of the Input 
capacity during the 20°C charge efficiency test. This was below the 
requirement of 55 percent. 

F. Average end- of- charge voltages during the 0°C overcharge 

test was 1.480 volts with an average end-of-charge pressure of 33 psia. 
The highest and lowest pressures were 43 and 25 psia respectively. 

The average capacity out was 6.5 ampere-hours. 

G. Pressures, during the 35°C overcharge test, ranged from 22 to 
48 psia at the end-of-charge with an average of 39 psia. Average 
capacity out was 7.4 ampere-hours. 

H. All the cells reached a pressure of 20 psia before reaching the 
voltage limit of 1.550 volts during the pressure versus capacity test. 
The average ampere-hours in and voltages at this pressure were 9.1 

and 1.513 respectively. All cells exhibited pressure decay in the range 
of 1 to 5 psia during the last 30 minutes of the 1-hour open-circuit 
stand. Average capacity out was 7.2 ampere-hours. 

III. RECOMMENDATIONS 

A. It was recommended that these cells be placed on life test 
simulating that of the flight batteries in the spacecraft. 

B. On 11 December 1973, three 5-cell packs (Packs 2F, 2G and 2H) 
began life testing on a 2.16-hour orbit (1.52-hour charge) with a 
voltage limit control at temperatures of 0°, 10° and 20 b C. 


ii 
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RESULTS OF INITIAL EVALUATION TESTS 
OF 

GENERAL ELECTRIC COMPANY 
6.0 AMPERE-HOUR NICKEL-CADMIUM SPACECRAFT CELLS 
WITH AUXILIARY ELECTRODES 
FOR THE 

ATMOSPHERIC EXPLORER SATELLITE C&D 


I. TEST CONDITIONS AND PROCEDURE 

A. All evaluation tests were performed at room ambient ( RA) 
pressure and temperature (25°C + 2°C), with discharges at the 2-hour 
rate, and in accordance with reTerence (b), unless otherwise specified, 
and consisted of the following: 


1 . 

Phenolphthalein leak tests (2). 

2. 

resistance 

Three capacity tests, third at 20°C; with internal 
measurements during second charge/discharge. 

3. 

Internal short test. 

4. 

Charge efficiency test, 20° C. 

5. 

Overcharge tests, 0°C and 35°C. 

6. 

Pressure versus capacity test. 

7. 

Phenolphthalein leak test. 


See Appendix I for summary of test procedure. 

II. CELL IDENTIFICATION AND DESCRIPTION 

A. The cells were identified by the manufacturer's serial numbers, 
catalog number and RCA's serial nunber and lot nunber as follows: 

Manufacturer's Number RCA 1 


Catalog Serial Lot 


42B006AB37-G4 003, 006, 009 19722-94-1 

19722-94-2 

• -x. , The f* 11 ? were P laced in temporary pack configurations for 
initial testing (Packs 509 and 510X). 


Nunbe r 

Serial 

(Not Inclusive) 

049 - 054 
063 - 070 
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B. The 6.0 ampere-hour cell Is rectangular with an average 
weight and physical dimensions as follows: 

Overall 

Height (g)* Height (in.) Length (in.) 

640.2 3.559 0.833 

*With pressure gauge as sent) lies. 

C* cell containers and covers are made of stainless steel. 

The positive and negative terminals are insulated from the cell cover 
by ceramic seals and protrude through the cover as solder- type terminals. 

0 . The auxiliary electrode is a teflon coated, sintered, nickel 
plaque located along one side of the narrow edge of the cell. Its 
physical dimensions are 1.25 inches by 0.65 Inch and has a baq-tyoe 

enclosure of pel Ion 2506 K4 material. The auxiliary resistor is 2000 
ohms . 


Width (in.) 
2.140 


III. RESULTS --THE FOLLOWING WAS CONDENSED FROM TABLES I THROUGH V: 


A. Leak Tests--0ne cell, S/N 054, had leaks at its negative 
terminal and at the base of its fill tube and was not tested, but 
returned to the Goddard Space Flight Center. 


B. Average Capacity (ampere-hours, AH): 


Type of Charge AH Out 


C/20, 48 hours RA 7.3 

C/10, 24 hours RA 7.4 

C/10, 24 hours 20°C 6,9 


C. Average Internal Resistance Measurements (mi lliohms) : 


Measurement Taken Resistance 


30 min. before end-of-charge (Cycle 1 ) 4.43 

1 hr. after start-of-discharge (Cycle 2) 4.32 

2 hrs. after start-of-discharge (Cycle 2) 4.57 


D. Twenty-four hour average cell voltage following a 16-hour 
short period during the internal short test was 1 .227 volts and the 
lowest cell voltage was 1.194 volts. 9 0 the 


E. Average capacity out following the 20°C charqe efficiency 

Wa t i * 70 a !J 1 P ere “ hours which represents 56.8 percent efficiency 
although two cells, S/N's 065 and 069, only delivered 54 oercent 
w ich was less than the minimum requirement of 55 percent. 


2 
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F. Average end-of-charge voltages during the 0°C overcharge 

test was 1 .480 volts with an average end-of-charge pressure of 33 psia. 
The highest and lowest pressures being 43 and 25 psia respectively. 

The average capacity out was 6.5 ampere-hours. 

G. Pressures, during the 35°C overcharge test, ranged from 22 to 
48 psia at the end-of-charge with an average of 39 psia. Average 
capacity out was 7.4 ampere-hours. 

H. All the cells reached a pressure of 20 psia before reaching the 
voltage limit of 1.550 volts during the pressure versus capacity test. 
The average ampere-hours in and voltages at this pressure were 9.1 and 

1.513 respectively. All cells exhibited pressure decay In the range of 
1 to 5 psia during the last 30 minutes of the 1-hour open-circuit 
stand. Average capacity out was 7.2 ampere-hours. 


3 
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APPENDIX I 


4 
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APPENDIX I 


I. TEST PROCEDURE 

A. Phenol phth a 1 ei n Leak Tests: 

1. This test is a detenni nati on of the condition of the 
welds and ceramic seals on receipt of the cells and following the 
last discharge of the cells (Cycle #7). 

2. The cells were initially checked with a one- half of 
one percent phenol phthalein solution applied with a cotton swab and 
then placed In a vacuum chamber and exposed to a vacuum of 40 microns 
of mercury or less for 24 hours. Upon removal they were rechecked 
for leaks and then received a final check following test completion. 
The requirement is no red or pink discoloration which Indicates a 
leak. 


B. Capacity Tests: 

1. The capacity test is a determination of the cells' 
capacity at the C/2 discharge rate to 0.75 volt per cell, where C is 
the manufacturer's rated capacity. This type discharge follows all 
charges of this evaluation test. 

2. The charges for the capacity tests are as follows: 

a. C/20, 48 hours, room airblent (R.A.), Cycle 0, with a 
test limit of 1.52 volts or pressure of 100 psia. 

b. C/10, 24 hours, R.A. , Cycle 1, with a test limit of 
1.52 volts or 100 psia pressure and a requirement of maximum voltage 
(1.48) or pressure (65 psia). 

c. C/10, 24 hours, 20° C, Cycle 2, with the same limits 
and requirements as the charge of Cycle 1. 

C. Internal Resistance: 

1. Measurements are taken across the cell terminals 1/2 hour 
before the end-of-charge (EOC) on Cycle 1 and 1 and 2 hours after the 
start-of-discharge of Cycle 2. These measurements were made with a 
Hewlett-Packard mi lliohmmmeter (Model 4328A). 


5 
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D. Internal Short Test: 

1. This test is a means of detecting slight shorting condi- 
tions which may exist because of imperfections in the insulating 
materials, or damage to element In handling or assembly. 

2. Following completion of the third capacity discharge, the 
cells are shunted with a 0.5-ohm, 3-watt resistor for 16 hours. At the 
end of 16 hours the resistors are removed and the cells stand on open- 
ci rcui t- voltage (OCV) for 24 hours. A minimum voltage of 1.15 is 
required at the end of 24 hours. 

E. Charge Efficiency Test, 20°C: 

1. This test is a measurement of the cells' charge efficiency 
when charged at a low current rate. 

2. The cells are charged at C/40 for 20 hours with a test 
limit of 1.52 volts or 100 psia pressure. They are then discharged 
and the requirement is that the minimum capacity out equals 55 percent 
of capacity in during the preceding charge. 

F. Overcharge Test #1, 0°C: 

purpose of this test is to determine the degree to 
which the cells will maintain a balanced voltage, and to determine 
the cells capability to be overcharged without overcharging the 
negative electrode. 


2. The cells are charged at C/20 for 60 hours. The test 
limits are cell voltages of 1.56 or greater for a continuous time 
period of 2 hours or pressures of 100 psia. The requirement is a 
voltage of 1.520 or a pressure of 65 psia. The cells are then dis- 
charged and 85 percent capacity out of that obtained in Cycle 3 is 
required. J 


G. Overcharge Test #2, 35°C: 

This test is a measurement of the cells' capacity at a 
higher temperature when compared to its capacity at 20°C. This test 
also determines the cells' capability of reaching a point of pressure 
equilibrium; oxygen recombination at the negative plate at the same 
rate It is being generated at the positive plate. 

i • ■ t “ lls ^charged at C/10 for 24 hours with a test 

iJol* °* y° lts or ^ psia P ressur e and a requirement of 1.45 
volts or 65 psia pressure. The cells are then discharged with a 

obtained 6 ?!! Cycle ^ 30 ^ out equals 55 P ercent capacity out as 


6 
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H. Pressure versus Capacity Test: 

1. The purpose of this test Is to determine the capacity to 
a pressure and the pressure decay during charge and open circuit 
stand respectively. 

2. Each cell Is charged at C/2 to either a pressure of 20 
psla or a voltage of 1 .550. Recordings are taken on each cell when 
it reaches 5, 10, 15 and 20 psla pressure. The cells then stand OCV 
for 1 hour with 30-minute recordings and then are discharged, shorted 
out and leak tested. 


7 




























TABLE II 
CAPACITY DATA 


SERIAL 

HUMBER 

CAPACITY TEST H 

CAPACITY TEST #2 

CAPACITY TEST #3 (20*0 1 

I EliD-OF-CHARGE 

EMD-OF- DISCHARGE 

EH 

D-OF-CHARGE 

END- DF- DISCHARGE 

£H 

D-OF- CHARGE 

END-OF-DISCHARGL 1 

CELL 

(Volts) 

AUX 

ELECT 

(Volts) 

PRESS 

(PSIA) 

CAPAC- 

ITY 

(ah) 

AUX 

ELECT 

(Volts) 

PRESS 

(PSIA) 

CELL 
( Vol ts ) 

AUX 

ELECT 

(Volts) 

PRESS 

(PSIA) 

CAPAC- 

ITY 

(ah) 

AUX 

ELECT 

(Volts) 

PRESS 

(PSIA) 

CELL 
( Volts) 

AUX 

ELECT 

(Volts) 

-*■ 

PRESS 

(PSIA) 

CAPAC- 

ITY 

(ah) 

AUX 
ELECT 
(Vol ts) 

PRESS 

(PSIA) 

Oo3 



/V 

7 r 3 

*>U 

5" 

1,44 7 

*4 

Z 2 - 

7,3 


V 

I.4C.S 

^4 


7J 


dT 

00(0 

t.44 9 


/2 

lA 

"/a 

4 

(A47 

' v 4 

zt 

7 A 


or 

(.44^ 

-4 

7-l_ 

6. 6 


^ : 

<f>o9 

IM44 

^/a 

iz 

n.s- 

*4+ 

4 . 

/.44C, 


20 

iS 


3 

f^4 

^4- 

/5" 

7r3 


y ! 




/3 

7,3 

~U 

~2- 

tM4<? 

»U 

30 

7.4 

«>U 
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1,411 



6 .? 

^4- 

dT l 

O'To 

lAHtr 


/7 

7.3 


6 

/A TO 

/ y4x- 

3/ 

7.r 

*>U 

5" 

l.4l 3 

"U 

zf 

6,7 


7 

©57 

[M*4 


/3 

7.3 


S" 

I.Hil 

»>u 

2.6 

7.3 


5” 

(W7D 

*>U 

30 

6-6 


7 

| 05*2- 

iM40 

w* 

/V 

7 M 

"U 

v 

t,44S 

"U 

23 

7,6 


2 




7.0 


V 

0^3 

(A43 

~u 

" 

/z 

7.4 

*>u 

4 

iswz 

^f/L 

23 

7.6 

"U 

6 

4467 


zf 

6.7 


7 

&c>3 

1,444 


/</ 

1 ,-L 

- .013 

d~ 

l.Hso 

.631- 

zS 

7i3 

iO^i 

6 “ 

/ *4(pf 

.63C> 

3/ 

6 ,-g 

• <n 

6 

oG4 

/A<*3 

,5'T-( 

if 

7-z 

,037 

7 

1,442 

, 6 <Z 

3^ 

7.7- 

4 t 33 

F 

4470 

. ^76 

30 

7,0 

.«* ( 

/o 

■065'' 

l 


n 

7.7- 

,cA$ 

T~ 

1.44? 

« 6 z( 

2 # 

7.Z 

J23 

S' 

I.41J 

,3^7 
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.f r9 

7 

066 

^3 

,G(B 

t4 

7.7- 
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iAAZ 

.<S»f 

Z^ 
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W77 
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-,OfZ 

<2 
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, 5 V 6 

t( 

7,3 
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4 
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Z/ 

?.* 

« ( 01 . 
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■ G3S" 

z5“ 

7,0 

",o3</ 

7 

ok 9 

(A<4 Z_ 


/6 \ 

7,7- 

.063 
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1.44^ | 

67 S 
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7, f 

.08 

—3 

^,47f 

. 6.^0 

z7 

6.7 
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cno 


/O. A. 
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7.Z 
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TABLE III 

INTERNAL RESISTANCE AND SHORT Tt ST DAI A 
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TABLE IV 

CHARGE EFFICIENCY AND OVERCHARGE DATA 


SERIAL 

TUKBER 

CHARGE EFFICIENCY UO'C) 

OVERCHARGE TEST (0°C) ] 

OVERCHARGE TEST (35°C) 

END-OF-CHARGE 

END-OF- DISCHARGE 


Mill' i him mi n 



CELL 

(Volts) 

AUX 

ELECT 

(volts) 

PRESS 

(PSIA) 

CAPAC- 

ITY^ 

(ah) 

AUX 

ELECT 

(Volts) 

PRESS 

(PSIA) 


Kn 

irgmi 


K*22*g 

■« 

WMjm 

PRESS 

(PSIA) 

CELL 

(Volts) 

EH 

222| 

■TTM 

m 

mmymm 

■ 

m 

£>o 3 

/.37/ 


4 

/.CpS 


4 


— 




9 

4¥o r / 

Mi 


■KgUM 

~4 

7 

0O6> 

A 37/ 


4 

ffio 




— 


EBB 

ks 

/o 

/r^07 



7,3 


F 

007 

A 37/ 

^/Pr 

4 

t<(oS 

~4 

Z- 


-4 

2T 


~4 



*4 



-4 

7 


jggf 

"(fir 

— 

f<(*S 

~4 

2 

IfcfMlB 


33 


~4 

7 

/.Vo? 

Wa- 


IUMI 


5" 

QSo 



-V 

H 

MB 

. r 


"U 

<3 

MM 

~4 

/3 

A 9o? 

"4 

ES 

■SB 

*4 


OS ( 

A 373 


3 

■BM 

MS 

3 


*4- 

«/ 

mm 

*"4 


4Vo? 

~4 

<4S 

7*3 


F 

i o$i- 

A 373 


2- 

473 

MM 

2 

/.w 


01 


m 

6 

jHfSEa 

~4 


7,5“ 


6> 

tWEEl 

A 313 


3 

A 73 

BT^ff 

3 



19 

MSSM 


<*3 


*4 

B|jB 

1.4 


F 

063 

A37 3 

HUM 

5“ 

472 


4 

4V77 

.S*4( 

37- 

mm 

.ft-V 

7 




1 

,/»fe 

7 

O&f 

/37V 

HKB 

/o 

A 69 

*097 

/a 



3<A 

(,% 

./(I 

/V 

/,<Trz 



7.V 




A373 

< ( (o 

Y 

A 63 

*o/3 

4 

AV?f 


33 

6.P 

./4o 

/o 


IMS 

37- 

7Y 

-*7 

7 


.. . 

43 73 

• rt 3 

2, 

472 

</zg 
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Ml? 


33 

6.3 


7 

A^/o 

.73? 


■7,3 

•772 


o(<?£ 

4373 

,2o2 
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.(^S 
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(MOO, 

>^T3 

2? 

6,5- 


7 

A<T/o 

,7'-T 1 

3r 

7'^ 

. w 

£> 

0(^7 

437 3 


■31 

A £3 


4 
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zE? 

6.«6 

-z/o‘ 

7 

A^f3 



7,2 


<6 

cno 
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<0,4- 


f,7^ 

A).*, 
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*2 4. 
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a2A, 

43 

AVfc, 


*4s- 
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TABLE V 

PRESSURE VS. CAPACITY TEST DATA 


Serial No. 

C?03 

oo(3 



OSo 

^ 5V 

05L 

c>S3 



645 

044 

06 ? 

O&f* 

070 


Start-of-Charqe, Press. 

4 


3 

z 

KSI 

S' 

Z 

5" 

V 


jr 

z 


5" 

S~ 


AH in to 5 PSIA 

SJ 


F? 

7o 

M 

M* 



70 

HE9I 




arf 

~4 

*4 

~4 


Cell (volts) 





/.3* f 


A 5o</ 


vWtZ 


■ 






Aux (volts) 

mm 


~u 

~4- 

~4- 


'74 


.*55 








AH In to 10 PSIA 

mm 

?<? 

ro 

7o 

7o 

1 .o i 

7( 

7( 

Ft 

Ft 

g.sr 

Ft 

7? 


F4 


Cell (volts) 


LS(0 

I.H99 





A5cd 

I.H94 

I.H9L 

A*W> 

A 5o / 





Aux (volts) 

~U 

"L 

~4- 



t4 

*4 

4 


mm 



^543 

,**1 

.fees’ 


AH in to 15 PSIA 


9r0 

7.0 

7 7 

■ 

7( 

72- 







Ft 



Cell (volts) 

toes' 

ton 

/, 50 X 



tod 

i.sa 

E-Si 






A *96 



Aux (volts) 




~4 

~4 


*4 






1 







7 2 - 


7 3 

n 

7 3 



igfj 



«n 

F? 

S’ 





A 50 3 

/c5^? 


A 5^ . 

✓,5r^ 

BESS 



W5BB 

(,37 f 

A5o7> 

to(<{ 



Aux (volts) 

^4 

^4 

*°4 

^4 


-4. 

~u 

Mi 

, &5? 



ran 





AH In to V/L (1.S5V) 




v* 

^4 

4 

Mi 

GS 

~4 
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